The economical and practical considerations in determining the feasibility of molting a commercial layer flock are based on several production and economical factors. This paper describes a computerized model used to predict: 1) the economic feasibility of molting when layers are in various production periods; 2) the net profit resulting from different molting procedures; and 3) the effect of increased feed cost on net profit.
INTRODUCTION
The management team of an economically sound commercial layer operation investigates any feasible technique to minimize costs or maximize revenue. Least-cost feed formulation is one such technique to minimize feed cost by taking advantage of the various feed ingredients available at economical prices at various times of the year. Another profit enhancing technique is the forced molting of cage layers, a management technique to avoid the cost of replacing pullets annually. This management technique may reduce investment cost and increase egg production during the layer's life span. Wakeling (1977) presented a review of forced molting. Many practical and experimental molting procedures are available. Two recent molting procedures presented in the literature were published by Savage (1976) and Brake etal. (1979) .
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Egg production is a complex system. Body size, strain, egg production, egg size distribution, feed consumption, environmental temperature, seasonal changes in egg prices, and feed costs are some of the important factors affecting the system performance. A mathematical model of the layer is beneficial, not only to study these factors, but also to use as a tool in the decision-making process of evaluating alternatives. An individual commercial egg company can use such a mathematical model with their specialized inputs to predict the feasibility of molting. Brown et al. (1976) developed a mathematical model of a laying hen to predict performance in terms of eggs produced and feed consumed as functions of dietary energy, protein, and environment. Economics were not considered in this model. The model can be used to study the effects of feed ingredients on egg production but is too complicated for practical use in the commercial layer industry. Rahn (1977) developed a computerized budgeting procedure to evaluate layer programs. Factors considered in the model were mortality, body weight; feed consumption, egg production, and grade A egg yields. The model does not directly consider egg size distribution, price spreads between size categories, and temperature effect on feed consumption. The forced molting procedures outlined by Savage (1976) were assumed in Rahn's model.
The purpose of this paper is to study the feasibility of the forced molting as compared to a no-molt situation. The model considers henday production, body weight, feed consumption, feed cost, environmental temperature, forced molt, the time molting occurs, production period, and fixed and operating costs involved in producing and packing eggs.
MODEL DEVELOPMENT
The program written in FORTRAN IV language, is a simulation procedure of the layer operation from the starting pullet age of 20 weeks through the sale of cull hens at 100 weeks. The base situation is one without molting, and the alternatives are compared with the base situation. The assumed 80 weeks laying hen production was used because of the production times used by Rahn (1977) .
Body weight estimates, essentially a function of age, were based on data developed by Bell (1978) . Hen-day production curves were developed according to Savage (1976) and Brake et al. (1979) . Temperature effects on hen-day production were based on the following curvilinear relationships developed by Brown et al. (1976) Body weight, egg production, and environmental temperature were considered the major factors affecting the feed consumption. Average house temperatures corresponding to calendar months are shown in the Application Example, section 8. The following equation, developed by Byerly (1941) , was used to calculate feed consumption. Environmental temperature has the most pronounced effect of the factors altering feed consumption. The percentage of variations in feed consumption at various temperatures in the program were based on those of North (1979) . The feed consumptions obtained from the above equation were adjusted upward or downward depending on temperature.
Egg weight produced during each period was calculated as follows:
where AHDP (J) = actual hen-day production AEGGWT (J) = average egg weight J = production period, J = 1 to 20
The weighted average egg weight was the sum of average egg weight of each size.
The forced molting procedures outlined by either Savage (1976) or Brake et al. (1979) were followed. Each production period represents 28 days. The molting period is assumed to begin in production period 11 and requires 28 days. The feed consumption during the molting period is 7.7 kg per 100 hens per day. The loss in body weight during molting is assumed to be 25% of the starting body weight as indicated by Brake and Thaxton (1979) . The body weight after molting is assumed to be 88% of the weight of the same age hen without molting. The inputs assumed in Savage's molting procedure were described by Rahn (1977) . Alternatives are based on 20 production periods in Rahn (1977) used in excess of 20 production periods.
Production and packing costs including fixed and operating costs were based on data developed by H. E. Wildey (1979, personal communication) . For a 25,000 caged layer unit with mechanical feeders and hand egg gathering, curtained sidewalls water flush manure removal system, the annual fixed cost is $.742 per bird. The operating cost is $.098 per bird. The labor cost is $.361 based on the basis of 8 hr per day at $3.10/hr. The total cost for packing and distribution is $.1519 per dozen. Total returns from the system are the sum of the egg value obtained by multiplying number of eggs produced in each size by price of each size and the hen salvage value.
In this program we use table look-up function TABEX, developed by Llewellyn (1965) to handle the functional relationships such as hen-day production, age-body weight, temperature-feed consumption, etc. No attempts were made to fit these relationships in a linear or curvilinear form.
INPUT AND OUTPUT PARAMETERS
The input parameters to the model are in the following order:
1. Hen-day production 2. Egg price of each size (extra large, large, medium, small, and undergrade) 3. Hen age at molting 4. Hen-day production after molting 5. Average egg weight of each size 6. Body weight and hen age relationship 7. Temperature effect on feed consumption 8. Environmental temperature of each period 9. Feed price
Other input parameters such as fixed and operating costs of egg production, packing cost, pullet cost, and total production period are considered to be constant for any particular system; therefore, they are not treated as input variables.
The output parameters of the model include number of eggs produced, egg value, body weight, feed consumption, feed conversion, feed cost, egg weights for each period, egg value, feed consumption, and total production and marketing cost such that a monthly cashflow is generated. For comparison, the program also calculates the total production and marketing costs resulting from an increase in feed price by 5, 10, 15, and 20%.
APPLICATION EXAMPLE
Input data expressed in this example may or may not be correct for certain breeds, season of the year, or area of the US. However, for illustration purposes, the following input data are used:
1. Hen-day production during each period as described by Brake et al. (1979) and Savage (1976) .
2. Farm egg prices obtained from current market prices in January 1980 are 53, 51, 49, 47, and 30<£ per dozen for extra large, large, medium, small, and undergrades.
3. Hen ages at molting are considered at 68, 72, and 76 weeks of age and production periods of 13, 14, and 15.
4. Hen-day production after molting as described by Brake et al. (1979) and Savage (1976 Feed cost decreased because of decreased protein and/or amino acid requirements with increasing age.
10. Production and packing costs are given in the Model Development section. Figure 1 shows the total cost and total revenue per layer per period when layers are housed for 13 and 20 production periods (4 weeks per period). Hen production is assumed to begin at 20 weeks of age. Only the last two periods show net profit when layers are producing 13 production periods. Within the 20 production periods, the longer the production period the higher the net profit, because the fixed cost is spread over more eggs and a lower dietary protein level is fed after 60 weeks. The net revenue (Fig. 1) is $1.12 per layer for 20 production periods and 57<j: for 13 production periods. Tables 1 and 2 show several examples of production management alternatives with and without molting. Table 1 shows results when Brake's molting regimen was used. Table 2 shows results when Savage's molting regimen as reported by Rahn (1977) was used.
RESULTS
On the basis of budgeted summaries shown in the Application Example, forced molting resulted in higher net revenue for both Brake's (Table 1 ) and Savage's (Table 2 ) molting regimens than for the no-molt regimen. For illustration purposes, alternative 13-7 indicates 13 production layer periods and then 7 periods of forced molt cycle. With Brake's molting regimen, 8 more eggs were produced and layers ate more feed with alternative 13-7 than with alternative 20-0 in any temperature condition. This result of more production with less feed held for all molt alternatives. In practice, Brake's molting regimen may not produce more eggs, but the molting procedure was used to illustrate the model.
For temperature condition 1 and using Brake's molting cycle, the total egg value (Table  1) is $14.07, the cost is $12.59, and the net revenue is $1.48 per hen in alternative 13-7, which is 48<£ higher than that of alternative 20-0. The net revenue is about 30<J: less on every alternative with Savage's molting procedure (Table 2) Savage (1976) and discussed by Rahn (1977) . 2 The environmental temperatures as shown in item 8 of input and output functions were used; i.e., temperature at period 1 is 15.56 C and so on.
procedure (Table 1) . On the basis of situations and parameters reported, these data suggest the need to pick carefully the molting procedure employed.
Using the data inputs presented in this paper, approximately 10 more eggs are produced during a laying cycle with the Brake's molting procedure than with the Savage's molting procedure. Using different data inputs or other molting regimens may have resulted in a different conclusion. Rahn (1976) also shows that egg production relations vary significantly between housing seasons and that environmental temperatures influence net profit. The hen consumes more feed under temperature condition 3 (Table 1) than under other temperature conditions. The first of 20 production periods begins in late August or early September in the southeastern US under temperature condition 3; therefore, more cool months with more feed consumption are found under temperature condition 3 than under other temperatures studied. Consequently, net revenue is lower under temperature condition 3 than under other temperature conditions. Table 3 shows net gain or loss due to feed cost increases of 5, 10, 15, and 20% with Brake's molting regimen and the other factors that generated Table 1 . Forced molting resulted in higher net revenues with feed cost increases of 15% or less compared with net revenues of the no-molt alternative. However, a 20% increase in feed cost resulted in negative net returns in every temperature regimen illustrated.
CONCLUSIONS AND LIMITATIONS
On the basis of the application example and parameters in this study, molting resulted in more net revenue than the no-molt regimens. Net revenue was greater with Brake's than with Savage's molting regimen. The intent of the study was not to evaluate molting procedure techniques but to offer at least two molting techniques in evaluating the feasibility of molting based on data inputs. The situation and assumed conditions evaluated represent several alternatives available to commercial producers. However, this study did not encompass all alternatives such as another molt beyond the 20 period production cycle.
Although the estimates of net revenue clearly show that increases are available with the molt procedure, these values do not represent a present value or the current dollar value of these streams of return. Because the positive cash flow is interpreted for a total month, the current dollar value of all systems would show a smaller gain in net revenue. However, the spread will not disappear; thus, molting appears profitable based on data presented in this study.
The computer model presented in this study offers to the poultry industry a method of evaluating commercial layer production op- Brake et al. (1979) .
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Each alternative corresponds to number of production periods (4 weeks per period) -period in which molting beg 3 Temperature condition = 1, indicates the environnmental temperatures as shown in item 8 of input and output fu so on. Temperature condition = 2, temperature in period 1 starts at temperature as shown in period 5; i.e., temperatur temperature in period 1 starts at temperature as shown in period 9; i.e., temperature at period 1 is 25.56 C. Tempera during all 20 periods.
tions. The question of molting is an alternative that must be evaluated within each flock and an individual company. The reliability of using a computer model to predict molt or no-molt alternatives will depend upon accurate data inputs.
